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Introduction
β-diketones are extensively used as chelating agents in analytical chemistry because of their unique structure [1] . The deprotonated form of the β-diketone acts as ligand to form a metal-β-diketonato complex [2] . Typically both oxygen atoms of the β-diketonato ligand bind to the metal to form a six-membered chelate ring. The most common coordination geometries of metal-β-diketonato complexes are square planar (groups 10 -11 with coordination number 4 e.g. Ni(II) [3] , Pd(II) [4, 5] , Pt(II) [6, 7] and Cu(II) [8, 9, 10] ), octahedral (groups 5 -9 coordination number 8: e.g. V(III) [11] , Cr(III) [12, 13] , Mn(III) [14, 15] ], Fe(III) [16, 17] and Co(III) [18, 19] ) or square antiprismatic (group 4 coordination number 8 e.g. Zr(IV) [20] and Hf(IV) [21, 22] ), as illustrated in [23] , [Ti(β-diketonato) 2 with Cp = cyclopentadienyl [29, 30] , [Rh(β-diketonato)(CO)(PPh 3 )] [31] and [Rh(β-diketonato)(OPPh 3 ) 2 ] [32] are also known.
Several β-diketones can be used to extract Fe(III) [33] with the formation of iron-β-diketonato complexes [34] . Fe(III) can be extracted completely by benzoylacetone (Hba) under acidic conditions [35] . Tris(β-diketonato)iron(III) complexes also have various application in catalysis such as in cross-coupling reactions [36, 37, 38, 39, 40, 41, 42] , during urethane formation [43, 44] and transesterification reactions [45] . [Fe(acac) 3 ] has been found to catalyze dimerization (isoprene to a mixture of 1,5-dimethyl-1,5-cyclooctadiene and 2,5-dimethyl-1,5-cyclooctadiene [46] ) and polymerization (ring-opening polymerization of 1,3-benzoxazine [47] ) reactions. It was shown that the catalytic activity of the [Fe(β-diketonato) 3 ] catalysts are highly dependent on both the ligand's electronic (i.e. withdrawing or donating) and steric attributes [44, 45] . A combined electrochemical and computational chemistry study provided insight into the electronic influence of ligands on the Fe(III)-ion it is coordinated to [48] . An X-ray strutural study complemented by a computational chemistry study of the [Fe(β-diketonato) 3 ] complex can give a better understanding of the steric arrangement of ligands round the metal. The FeO 6 -coordination polyhedron of [Fe(β-diketonato) 3 ] complexes can be described by an octahedron. The three β-diketonato ligands (RCOCHCOR') − can differently be arranged round the iron(III) ion. When the two groups R and R' on the β-diketonato ligand (RCOCHCOR') − are identical, i.e. when R = R', the β-diketonato ligand is symmetrical and D 3 molecular symmetry applies to the [Fe(RCOCHCOR) 3 ] complex.
[ Fe(acac) 3 ] with R = R' = CH 3 has D 3 molecular symmetry, see Figure 1 (bottom left). However, when the substituents R ≠ R', the molecular symmetry is lowered to either C 3 for fac [Fe(RCOCHCOR') 3 ], or to C 1 for mer [Fe(RCOCHCOR') 3 ], see Figure 1 (bottom middle and right) for fac and mer [Fe(ba) 3 ] (R = Ph and R' = CH 3 ). We previously reported the electronic structure of [Fe(acac) 3 ] in D 3 molecular symmetry [48, 49] and were curious to see how the ordering and relative energies of the d-based molecular orbitals changed when the molecular symmetry of the Fe(III)(β-diketonato) 3 complex is lowered to C 3 and C 1 . Here we thus present the a density functional theory (DFT) study on the electronic structure of both the fac and a mer isomers of a [Fe(β-diketonato) 3 ] complex that does not have D 3 molecular symmetry, namely [Fe(ba) 3 ], as well as the experimental crystal structure of mer [Fe(ba) 3 [Fe(ba) 3 ] with C 1 molecular symmetry. The proper rotation axis is around the blue arrows. The D 3 point group has the following symmetry operations: E, C 3 (perpendicular to the page) and three C 2 . Colour code of atoms: Cu (orange), Cr (light blue), Zr (turquoise), Fe (magenta), O (red), C (black) and H (white). [Fe(ba) 3 ] was synthesized according to literature methods as described previously [44, 49, 48] , using published methods as a guide [50, 51, 52] . The paramagnetic [Fe(ba) 3 ] complex was characterized by MS, elemental analysis and X-ray crystallography.
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Crystal structure analysis
Data for the crystals, obtained from solution in diethyl ether, were collected on a Bruker D8 Venture kappa geometry diffractometer, with duo Iµs sources, a Photon 100 CMOS detector and APEX II [53] control software using Quazar multi-layer optics monochromated, Mo-Kα radiation by means of a combination of φ and ω scans. Data reduction was performed using SAINT+ [53] and the intensities were corrected for absorption using SADABS [53] . The structure was solved by intrinsic phasing using SHELXTS and refined by full-matrix least squares, using SHELXTL + [54] and SHELXL-2014+ [54] . In the structure refinement, all hydrogen atoms were added in calculated positions and treated as riding on the atom to which they are attached. All non-hydrogen atoms were refined with anisotropic displacement parameters; all isotropic displacement parameters for hydrogen atoms were calculated as X × Ueq of the atom to which they are attached, where X = 1.5 for the methyl hydrogens and 1.2 for all other hydrogens. Crystal data and structural refinement parameters are given in the electronic supplementary information.
Density functional theory (DFT) calculations
Density functional theory (DFT) calculations were carried out, using the ADF (Amsterdam Density Functional) 2013 programme [55] , with a selection of GGA (Generalized Gradient Approximation) functionals, namely OLYP (Handy-Cohen and Lee-Yang-Parr) [56, 57, 58, 59 ], S12g [60] , OPBE [61] , the meta-GGA functionals M06-L [62] , TPSS [63, 64] as well as the hybrid functionals B3LYP (Becke 1993 and Lee-Yang-Parr) [65] O3LYP [66] , B3LYP* [67] and S12h [60] . The TZP (Triple ζ polarized) basis set, with a fine mesh for numerical integration and full geometry optimization, applying tight convergence criteria, was used for minimum energy searches.
C 3 symmetry has complex irreducible representations which have not been implemented in ADF [55] ; therefore complexes with C 3 input geometry optimize in C 1 symmetry in ADF. Timedependent density functional theory calculations were carried out with ADF.
X-ray structure
The [Fe(ba) 3 ] existing in the asymmetric unit is disordered over two positions in 0.70 : 0.30 ratio.
A depiction [68] of the molecular structure of the main domain of [Fe(ba) 3 ] mer isomer showing applied numbering scheme, is presented in Figure 2 (see Figure S2 of the Supporting Information for the perspective drawing of the molecular structure of the second domain). Table 1 gives selected geometrical parameters of the main domain of mer [Fe(ba) 3 ] and Table 2 Table 2 and Supporting Information 3 ] optimized with a selection of different types of DFT functionals, namely the GGA functionals OLYP [49] , S12g, OPBE, the meta-GGA functionals M06-L, TPSS, and the hybrid functionals O3LYP, B3LYP [49] , B3LYP*, S12h, are given in Table 3 . The hybrid functionals predicted the high spin state as the most stable state by the largest energy difference.
The OLYP, S12g, B3LYP, B3LYP*, S12h and M06-L functionals that correctly calculated the S = 5/2 ground state of [Fe(acac) 3 ], should give reliable energies the fac or mer isomers of [Fe(ba) 3 ].
The relative energies of the fac and mer [Fe(ba) 3 ] isomers, obtained by these functionals are presented in Table 3 . The insignificant energy difference (< 0.03 eV) obtained between the fac and mer isomers of [Fe(ba) 3 ], show that both isomers can exist without any clear preference for the fac or the mer isomer. The broaden line spectrum has been generated by Doppler broadening of spectral lines to enable comparison of calculated spectrum with the experimental spectrum.
Conclusions
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